This review concerns the developments on the biocidal properties of the organotin compounds with an emphasis on the authors' contribution to the field. The organotin compounds with a variety of nitrogen/ oxygen and sulfur donor ligands, developed mainly during the last decade, has been reviewed. The article is focused on the design, synthesis and biological perspective of organotin compounds. Particular attention has been paid to the effectiveness of these compounds as: insecticides, nematicides, antifertility agents and biocides.
1. INTRODUCTION
Early studies on organotin compounds :
Tin has been known to us for ages as the discovery, around 3500 BC, that copper can be hardened and strengthened by alloying with tin is generally marked as the advent of the Bronze Age [1] [2] [3] . However, as a pure metal it was isolated in 800BC. Currently several tin complexes are important due to their pharmacalogical properties 1 " 5 and industrial applications 6 " 7 . The chemical reactivity of organotin species and availability of a wide range of structural features in them have made the subject of organtin complexes a rich and diverse field of chemistry.
The various aspects of organotin 8 ' 12 compounds reviewed in the last decade include polyhedron organotin compounds 13 , bidentate oxygen donor complexes of tin 14 , chemistry and applications of organotin(IV) complexes of phosphorus-based acids 14 , organotin(IV) complexes of aminoacids and peptides 16 " 19 , chalcogenido metalates of the heavier group 14 elements 20 and organostannates 21 , toxicity and health effects of organotin compounds 22 , toxicological review of organotin 23 , organotin compounds and their therapeutic potential 24 , organotin compounds in the environment 25 , organotin chemistry 26 .
In the present review, we have focused the attention on the recent developments, perspectives and biopotential in the chemistry of organotin complexes with those nitrogen ligands, which were reviewed and continue to be a subject of interest. Moreover, the total number of organotin complexes as biocides known at present is fairly large. Therefore, we have attempted to present a critical overview of the present status of the subject rather than a comprehensive treatise. Consequently, the work done in the last 10-12 years is mainly emphasized.
The use of some organometallics employed as biocides, i.e., insecticides, pesticides, fungicides, and herbicides and their possible short-as well as long-term effects on ecology and environment are attracting the attention of scientists and in many cases, arousing deep concern of society in general about the organometallics of two metals, mercury and tin, used extensively for their biocidal properties (the use of the former has been banned in many countries). 7 The pronounced biological effects of organotin compounds led to their wide applications in fields like medicine and agriculture. The ever-increasing practical uses of organometallics as biocides in agriculture, as antiknock agents in automobiles and as catalytic agents in a number of industrial (especially biotechnological) processes have led to an increasing concern about their environmental aspects also. 7 Cases et al. 21 have reported the synthesis of diorganotin (IV) 
Ruisi and cowerkers 28 have reported the synthesis and in vitro antimicrobial activity of organotin (IV)
complexes with tri-azolo-pyrimidine ligands containing exocyclic oxygen atoms. In vitro anitimicrobial tests were reported on n-Bu 3 S" Ph 3 Sn(Htp0 2 ) and Ph 3 Sn(Htp0 2 ) and a good antifungal and antribiofilm was observed in particular for η Bu' 3 Sn (Htp0 2 ).
Organotin (IV) complexes of amino acids, and their organic derivatives containing the carboxylic O-Sn (IV) bond, display significant antitumor activity and promising potential in many other fields, like polymer chemistry, pesticidal and antibacterial agents. 29 " 36 The structural chemistry of organotin (IV) complexes of carboxylic moieties as amino acids N-protected amino acids with a coordination number higher than four is being extensively studied because of their biological activity, enhanced reactivity and stereochemical nonrigidity. 37 ' 45 Several reports have been cited in the literature by other research groups pertaining to the bioactivity as anti-tumour agents and structural chemistry of di-as well as triorganotin (iv) compounds. 37 " 49 Ashfag et al 50 have reported in vitro LD50, antibacterial .antifungal and antiyeast bio-tests of organotin (IV) complexes of 2-maleimidoacetic acid, which proved them to be powerful biocides. The in vitro anti-tumour and analgesic activities also displayed excellent potential of the titled compounds. 
Farina 51 and coworkers have reported the synthesis of organotin dithocarbamates derived from hydroxylated amines, which have been found to be biologically active. The coordination of Schiff base nitrogen with tin has been investigated in several systems. The complexes having the general structural formula (3) have been synthesized 52 " 54 , structurally characterized 55 and studied for their condensation with aldehyde. 56 The coordination geometry of tin in (3) is trigonal bipyramidal (Sn-N=2.135A°). Dinuclear tin complexes 57 of tridentate dianionic Schiff base ligands,, have been synthesized by reacting moieties of the type (3) with diorganotin dichloride. These complexes speak for their spectacular progress in bioinorganic
chemistry. An adduct of SnCl 4 with a natural Schiff base (4), a possible intermediate in aziridination, has been structurally characterized 58 .
Sousa and coworkers 59 " 61 have synthesiyed Sn (IV) complexes of Schiff bases (5) to (14) (stoichiometry SnL2) by anodic oxidation of tin in their acetonitrile solution. Three of these complexes were characterized structurally, two of which were formed with the ligands derived from (R=5-Br) and a (R=H) and have tin in octahedral coordination geometry with facial occupancy. The third complex characterized structurally is of the ligand derived from (5) (R=4, 6-dimethoxy) and also has octahedrally coordinated tin with meridional ligand occupancy. The Sn-N bond length is between 2.123 and 2.23 A 0 for all three structurally characterized complexes.
R R (3) (4) (13) (14)
The SnCI 4 and R 3 . x SnCl 1+x (χ = 0 to 2;R= Me, Bu or Ph) have been reacted with Schiff bases (10) to (13) and the products characterized by spectroscopy, except the one formed by reacting Ph 2 SnCl 2 with (ll)which was characterized by single crystal structure determination. The product obtained in this latter reaction is Ph 2 Sn(13-2H). The generation of (11) from (13) has been ascribed to the concomitant C=N bond cleavage and C=N formation between amine Ν atom and exocyclic carbon of (ll). 62 The Sn-N bond length is from 2.20(2) to 2.22 (2) A and coordination geometry of Sn is octahedral. The Ph groups are trans to each other, whereas both N/O donor atoms are cis to each other.
The multidentate Schiff bases derived from salicylaldehyde and diamines are very versatile ligands. Their Sn(II) and Sn (IV) complexes have also received attention in the recent past. 63 ' 64 The reactions of Sn (IV) and organotin (IV) pseudohalides with 2-hydroxy-l-naphthalideneimine 65 showed that they form a two-or three-dimensional supramolecular array, the arrangements of which are dictated by organic groups on Sn, which has a five-coordinate (trigonal dipyramidal) geometry with Ν donors in axial position. The structure of 17 when R= n-Bu and n=6 has a unique bilayer arrangement with 40-and 58-membered rings which generate channels through the lattice array in all three dimensions.
Reactions similar to those used in the synthesis of 15 The pyridine derivatives are known to be widely explored ligands. The complexes of a variety of tin species with such ligands have been explored during the last decade. The spirocyclic bis(ethane-l,2-dithiolato[2-]S,S') tin (IV) forms hexa-coordinated crystalline complexes with pyridine and 2-(2-pyridyl)ethylamine, which were characterized structurally and found to be trans isomer 91 . Several adducts of tin(IV) and organotin(IV)with 2,2'-azopyridine and 2-arylazopyridine have been synthesized, but the crystal structure of probably [Me 2 SnBr 2 (2,2'-azopyridine)] only has been reported in the last decade 96 ' 97 . The tin atom is seven-coordinated and the geometry is close to distorted pentagonal bipyramidal with Br and Ν in the axial positions.
The adducts of di-and triorganotin halides/perchlorated with 2,2'-bipyridine (bipy) and 1, 10-phenanthroline (phen) were synthesized and mostly characterized by spectroscopic method 98 shown that irrespective of the actual R, R', and R" groups present, the toxicity reaches a maximum when the total number of carbon atoms in all three alkyl groups together are 9 to 12. Tin forms a number of organometallic compounds in which tin exists in both Sn(II) and Sn(IV) states.
Many organo-tin compounds are used as agriculture biocides to protect the crops from fungi, bacteria, insects and weeds. The great advantage of organotin compounds in these applications is that they are nontoxic to mammalians.
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Organotin(IV) compounds are a widely studied class of metal-based antitumour drugs. Their intensive investigation has led to the discovery of compounds with excellent in vitro antitumour activity, but, in many cases, disappointingly low in vivo potency or high in vivo toxicity. 41 ' 42 The design of improved organotin(IV)
antitumour agents is unfortunately hampered by the paucity of information concerning the cellular targets of these compounds and their mechanism of action, although inhibition of mitochondrial oxidative phosphorylation appears to be an important mode of toxicity. In the present article special attention is devoted to the most recent progress made in the synthetic procedures for the organotin compounds and their biological relevance.
It can be divided into four parts. The first part, containing the sections 2 and 3, concerns the synthesis and spectroscopic characterization of organotin complexes. The particular sections, 4 to 6, are devoted to the biopotentialities of these complexes. So far, focus has centered on nematicidal, insecticidal and antifertility activities of these compounds.
EXPERIMENTAL

Organotin compounds with Schiff bases :
The ligands used are:
The following complexes have been synthesized during the course of our present investigations on organotin complexes 109 " 117 .
2.1.1.
Triorganotin(IV) complexes of monobasic bidentate sulpha η amide imines of heterocyclic ketones. 
RESULTS AND DISCUSSION
All these complexes have been characterized on the basis of UV, IR, 'H NMR, l3 C NMR and ll9 Sn NMR 1 ftQ 1 17 spectroscopy .
The most common method of pest control is by the use of chemicals, which are known as pesticides.
Based on the target organisms, these pesticides are grouped into nematicides, insecticides, fungicides, weedicides and rodenticides.
NEMATICIDAL ACTIVITY
Experimental
The pure culture of nematode Meloidogyne incognita chitwood was maintained and multiplied on brinjal plants. For this soil was autoclaved, filled in earthen pots and seedsowing of brinjal seeds was performed.
Fertilizer used was Hoagland's complete nutrient solution, 25 ml/pot once in a week. Egg masses were isolated in sterile water and the eggs were allowed to incubate in a Baermann funnel for 48-72 hours. As the juveniles hatched out of eggs, they passed through the double layers of tissue paper and collected in a tube below. The suspension was diluted with sterile water, stirred with a magnetic stirrer to obtain a homogenous suspension; 5ml of it contained the desired number of juveniles. Nematode inoculation was done when brinjal seedlings were 2 weeks old, by pipetting and pouring 5ml of juvenile suspension in three holes made around the base of seedlings, afterwards the holes were plugged with soil.
The method followed for obtaining quantities of clean Meloidogyne incognita eggs was that of McClure et al. and the step by step procedure was as follows :
1. Brinjal plants infected with M. incognita were harvested from infested pots. The roots were washed thoroughly and cut into small 1-2 cm pieces.
2. The chopped pieces were placed in a beaker in 100ml of tap water, 500ml of 1% NaOCl added and the suspension was vigorously shaken for 5 minutes.
3. After a vigorous shake, the suspension was poured quickly through nested 150 and 400 mesh sieves. The eggs which were retained on the 400 mesh sieve were washed with a sufficient quantity of distilled water.
4. Eggs which passed through the 400 mesh sieve (pore size 37 μηι) were recovered by repeated sieving and rinsing.
5. Eggs were eluted from the sieves and transferred to 40 ml of water.
6. A centrifuge tube was two third filled with 20% sucrose solution and the egg-water suspension was centrifuged at 500g for 5 minutes.
7. A silver layer containing the suspended eggs at the junction of sugar solution and egg suspension was removed with the help of a pipette and quickly poured on to a 400 mesh sieve.
8. The eggs retained on the sieve were washed thoroughly three times with distilled water and collected in a beaker.
9. The eggs obtained by this method were free from debris and therefore easy to count.
In each nematode hatching dish 200 eggs were taken and treated with the treatment. 
Observations
These complexes are highly active against nematode (Meloidogyne incognita) and insect (Trogoderma granarium). These studies demonstrate that the nematicidal activity increased with increasing concentration and the concentrations reached levels which are sufficient to inhibit and kill the pathogens. The tin complexes show better activity than sulphonamide imines and bimolar metal complexes were much more active than unimolar metal complexes. It was also observed that triphenyl metal complexes in 1:1 molar ratio show better activity than diphenyl metal complexes. Knowledge of the mechanism of the action of compound is important from a purely scientific point of view, which can distinguish between three different methods by which complexes can exert their action.
• The effect of resonating structures such as benzene rings (in the present case) may serve as powerhouse to activate potentially reactive groupings. If toxicity is dependent on one or more chemical reactions, then any molecule which would increase the rate of chemical reactions must, perforce, enhance toxicity.
• The introduction of a lipophilic substituent, either aryl or alkyl, often conferred toxicity as did the substitution of polar groups.
• Complexes having amido groups or reactive halogen atoms tend to hydrolyse, to form compounds which have a modified activity spectrum. With halogen replaced by hydroxyl ion, and as a result a slight alkaline pH, the increase in activity was observed.
Mode of Action
118-122
The indirect nematostatic effects of nonfumigant nematicides resulting from impairment of neuromuscular activity, interference with movement, feeding, invasion, development, reproduction, fecundity and hatching of nematodes are considered more important than their direct killing action and hence, much smaller amounts of non-fumigant than fumigant nematicides are needed in plant protection against nematodes 
Significance and Historical Notes
The oldest insecticides used by humans were of plant origin. These were prepared from the roots, stems, leaves, seeds, flowers and oils of various plants. These botanical pesticides were followed by the Many insects are responsible for incalculable harm to human beings in several ways and have been directly or indirectly responsible for more loss of life and destruction of food products than that caused by wars, floods and famines. Every year they have been destroying our agricultural products as well as stored commodities in different ways, the cost of which runs into millions of rupees. Work has already been done on a large number of harmful insects in respect to their bionomial characters and physiological activities.
Nevertheless, continued research work is desirable to take effective defence measure against these pests, which are enemies of social and economic progress, so as to substantially reduce the enormous wastage and also to facilitate national development. 124 Based on their activities the insects may be placed in three categories i.e. beneficial, harmful and neutral insects, which neither harm nor benefit man. Since the insects are better adapted to occupy the earth, both by means and mechanism of survival, their harmful impacts on human health and economy are also diverse and intense. They consume, destroy and damage all kinds of growing crops and their valuable vegetation, injure man and his domestic animals and disseminate, as vector, many deadly diseases such as filariasis, malaria, dengue, yellow fever, encephalitis, sleeping sickness and leishmaniasis. 125 Many insects cause unaccountable damage to stored products and other commodities such as food, grain, paper, books, furniture, timber, and clothing. The greatest importance of insects lies in their being pests of crops and animals. A pest is an animal whose population buildup increases above certain level of economic injury and its existence conflicts with man's welfare, convenience and profit. 125 Besides attacking the food grains, the presence of insect pests not only results in accumulation of antinutrients like polyphenols, phytic acid and uric acid in cereal but causes significant changes in lipid, carbohydrate 134 , minerals and protein, nitrogen, starch digestibility. This nutritional imbalance also leads to poor utilization and availability of cereal protein in animals. 125 Trogoderma granarium (Everts), commonly known as khapra beetle, belonging to the coleoptera and dermestidae family, is an important pest of both material of plants and animal origin. It is said to be of Indian origin and has spread to the whole world due to ship transportation. It is a major pest of stored wheat in hot and dry parts of the world. The damage is sometimes so serious that the whole grain is reduced to husk and only seed coats with empty cavities are left behind. Besides wheat it generally infects cereals, pulses, stored malt, rice and coriander seeds. 135 . In these tests, tested samples of wool were exposed to attack by larvae of the common clothes moth (Tineola bisselliella). 139 . It has been used against several species of noctuidae 139 and it has been shown to be systemic in cotton 140 . The formulated product loses its activity upon standing, but it can be stabilized 141 .
Organotin compounds, in addition to a toxic effect, can exert an "antifeeding" effect on insects. The antifeeding effect, which is probably based on taste, occurs at very low, sublethal concentrations. It has so far only been described for triphenyltin compounds. After its discovery in field tests, in which triphenyltin hydroxide and acetate had been used as agricultural fungicides, laboratory experiments have confirmed its existence. Pennsalt et α/. 142 showed that leaves of sugar beet, sprayed with suspensions of triphenyltin acetate of increasing concentrations, were eaten to a decreasing extent by larvae of two kinds of moths. Prodenia litura and Agortis ypsilon. Protection of the leaves was about 90% at the 0.035% concentration. Further experiments against P. litura with triphenyltin hydroxide and acetate showed the latter to be superior to the former. The results offer the capability of quantitative treatment. The superiority of the acetate over the hydroxide was also borne out in experiments with larvae of the potato tuber moth (Gnorimoschema operculella) and the striped maize borer (Chilo agamemnon). No complete protection against these insects was obtained, however, even at the highest concentration employed (0.05%) 143 In tests with larvae of the 
Recent Developments
Insecticidal screening data (Tables 2-5 
Background Informations
With the ever-growing world population, contraception is an important health issue for the 21 st century.
Fertility is an issue of global and national public issues concerning the rapid growth of the country. For the total world population of the preceding century, the rate of increase of the population was about 10 million per year. Now it is increasing at a much faster rate of 100 million per year. If the rate of increase remains continuous at the same pace, it is expected to reach 7 billion by the end of the present century. The rapid increase of population has an adverse effect on the international economy and as the increase is only limited to the developing countries, the problem becomes acute on the fruits of improvement in the different sectors, which are being eroded by the growing population. Moreover, increasing number of births has a deleterious effect on the health of mother and child and hinders social and economic progress. The regulation of human fertility has global consequences in terms of resources depletion, population and poverty. Now, it has become one of the priorities of the National Family Programs and therefore, there is an urgent need to improve the access and the quality of contraceptive service in the country.
Contraceptive methods are, by definition, preventive methods to help women to avoid unwanted pregnancies. This includes all temporary and permanent measures to prevent pregnancy resulting from coitus.
The last few years have witnessed a contraceptive revolution, i. e., man trying to interface with the ovulation cycle. It is now generally recognized that contraception is safe, effective, acceptable, inexpensive and reversible and simple to administer, is long lasting enough to avoid frequent administration and requiring little or no medical intervention. The international efforts to develop improved means of fertility control are based on the premise that the nature of available fertility control technology is highly important and determinant for the success of planning programs.
The primary requisite of an antifertility agent for humans is that it should be non-toxic, non-teratogenic and should not interfere with the normal metabolic and behavioral process. Further, the method should be reversible. Therefore, exhaustive and prolonged studies on the safety and efficacy of contraceptive agents including their effect on progeny in laboratory animals should precede studies on human volunteers. Each contraceptive method has its unique advantage and disadvantage. The success of any contraceptive method depends not only on its effectiveness in preventing pregnancy but on the rate of continuation of proper use.
Chemical Contraception
Chemical control of fertility in the male has received attention since quite some time and a large number of steroidal and non-steroidal substances have been tested for their antispermatogenic and antiandrogenic 
Recent Developments
An ideal chemical contraceptive for males would be one which effectively arrests the production of sperms (spermatogenesis) or inhibits sperm fertilizing capacity without altering libido, accessory sex organs and pituitary function and one which is easily administrable. 
Diorganotin(IV) complexes ofbibasic tridentate Γ^^ΓΟ donor sulphonamide imine.
Male rats exposed to ligands and their tin complexes showed altered reproductive activity.
• Body and organ weight
There were no significant differences in the body weight at the end of the experimental period among the treated groups as compared with the controls (Table 12) . However, the weights of testes, epididymis, seminal vesicle and ventral prostate were decreased significantly in ligand (P < 0.01) and its various complexes (P < 0.01 to 0.001) as shown in Table 6 .
• Sperm dynamics and fertility
The sperm motility in cauda epididymis was decreased significantly in animals treated with ligand (P < 0.01) and its complexes (P < 0.001), as shown in Table 7 . Also, a significant decrease in sperm density in testes and cauda epididymis (P < 0.01 to 0.001) was observed in rats treated with ligand and its various complexes.
• Biochemical changes
Marked reductions (P < 0.01 to 0.001) in sialic acid and protein contents of testes, epididymis, ventral prostate, and seminal vesicle were observed in the animals treated with ligand and its complexes when compared with controls in Table 8 . However, a sharp increase in testicular cholesterol, acid and alkaline phosphatase contents were observed in various treated groups. Seminal vesicular fructose contents decreased significantly as shown in Table 14 .
Discussion
In the present study, ligand and its complexes were administered to rats at the dose levels 9-50 mg/kg/day for 60 days, which brought about marked alterations in the weights of testes, epididymis, seminal vesicle and ventral prostate. Significant decline in the testes weight may be due to the decrease in number of spermatogenic elements and spermatozoa. 153 Reduction in weight of sex accessory organs directly supports the reduced availability of androgens. 154 ' 155 Suppression of gonadotropins might have caused decrease in sperm density in testes. 156 Low caudal epididymal sperm density may be due to alterations in androgen metabolism 157 " 159 and 65% to 100% negative fertility may be attributed to lack of forward progression and reduction in density of spermatozoa and altered biochemical millieu of cauda epididymis. 160 " 161 Decline in total protein concentration in testes and other accessory reproductive organs indicated suppressed androgen activity. 162 ' 163 Further, reduced contents of sialic acid in various reproductive organs reported herein suggest adverse effects on the metamorphosis and maturational stages of spermatid 164 The rise in the testicular cholesterol contents due to various compounds treatment suggests suppressed androgen biosynthesis. 165 An increase in testicular acid and alkaline phosphatase activities indicate metabolic disturbance and impairment of the functional integrity of the testes.
166 Table 6 Effects of ligand and its tin complexes on the body and reproductive organ weights of male rats. Group C compared with Group B.
Compound
Groups D, E, F, G, Η and I compared with Group B.
Table 7
Altered sperm dynamics and fertility after treatment with ligand and its tin complexes. Group C compared with Group B.
Treatment
Triorganotin(IV) Complexes of Bifunctional Tridentate
Hydrazinecarbodithioic acid
No significant changes were noticed in the body weight after the treatment of ligand (Sal.Benz.H 2 ) and its complexes at 2 mg, 4 mg and 7 mg dose levels/ per day for 60 days,similarly no significant changes were observed at 2 mg, and 4 mg dose level of (CH 3 ) 3 Sn(Sal.Benz.H)and (C 6 H 5 ) 3 Sn(Sal.Benz.H) in the body weight of rats, when compared with their initial body weight. Oral administration of ligand and complexes caused significant reduction (P < 0.01) in the weight of testes and accessory sex organs, whereas no changes were observed in the weight of kidney and adrenal glands. Sperm motility of cauda epididymides and sperm density of the testes and cauda epididymides was decreased significantly (P < 0.001) in rats treated with ligand and its complexes at all the dose levels ( Tables 9-11 ). 40 to 65 percent negative fertility was observed at different dose levels of ligand and its various complexes.
Total erythrocyte count (TEC), total leukocyte count (TLC), hemoglobin concentration, hematocrit and blood urea values were in the normal range after ligand treatment, whereas tin complexes (CH 3 ) 3 Sn(Sal. 
Ο t-
Interstitial stroma had slight atrophy and nacrotic nuclei. The epididymis showed normal epithelium. The intertubular stroma appeared to be degenerated Table 9 Sperm Dynamics and Fertility after treatment with Salicylanilide-S-Benzylditithiocarbzate (Sal. BenzH 2 ). (Mean ± SEM of 6 animals) ns = Non significant * = P<0.01 -significant ** = Ρ < 0.001 -Highly significant • The reduction in the weight of the testes after the treatment in the present study related to the loss of spermatozoa and spermatids, which make up a substantial proportion of testicular volume, by the same token, as a consequence of disruption of spermatogenesis. 168 "
Treatment
170
• The suppressed epididymal activity as evidenced by the loss of weight and histological alterations might be due to anti-gonadotrapic activity of the so-termed anti-androgenic/estrogenic substances, which lower the ABP production by the Stertoli cell and androgen synthesis by the Leydig cells, thereby resulting in reduced levels of androgen available to the epididymis for functional maintenance. The requirement of relatively higher androgen threshold in the epididymis has already been established by Gupta et a/. • The sperm density and sperm motility have a direct relationship to the fertility. 174 In the present study sperm motility and density of testis and cauda epididymis after (CH 3 ) 3 Sn(Sal.Benz.H) and (C 6 H 5 ) 3 Sn(Sal.Benz.H) treatments were significantly decreased. Rao 175 has reported declined sperm motility, resulting in decreased fertility.
• Immotile or sluggishly motile spermatozoa can not penetrate the cervical mucus and thus fail to fertilize the ova. 176 During the present course of the study, a 90% negative fertility rate was observed after indicating that the effects brought about by the synthetic compounds were reversible.
• Protein is involved in the alteration of almost every physiological system, and the total protein runs parallel to the growth and is sensitive to estrogen and androgen, respectively, as reported by Davis et al, 177 Jones et α/. 178 have reported that protein level is directly correlated with the secretory activity of the epididymis, which in turn depends on the androgen levels.
• In the present investigations the reduction in the protein concentration by the treatment may be attributed to the reduction in secretory activity because of the androgen deprivation effect. Kamal et al, 179 and Mali et al. 180 also reported similar results for male albino rats.
• Nag et al. • Mammalian cells require cholesterol, which also plays an important role in acting as precursor molecule in the synthesis of steroid hormone. 184 The requirement of cholesterol for normal activity of testicular glands has been well established by Biswas. 185 Androgens are synthesized from cholesterol, but increased concentration may result in the reduction of fertility. suggesting that the increased testicular cholesterol concentration may be correlated with' its nonutilization by the system, leading to a fall in circulatory androgen in rats due to the antiandrogenic activity.,
• Baijal et α/. 187 proposed that glycogen might represent a source of nourishment for the spermatozoa during their development and maturation. 186 190 , who reported a general decline in the alkaline phosphate content of the various reproductive and accessory organs of the male rats after androgen-estrogen therapy.
Organotin derivatives of benzothiazoline
The results (Table 18 ) with benzothiozoline derivatives may also be correlated with the well-known fact that sulphur-containing compounds produce infertility in male rats 96 Thus it can be postulated that chelation through sulphur atoms induces the sterilizing activity in the biological systems.
Table 18
Effects of various compounds of sperm dynamics and fertility of male rats 
Novel Chiral Organotin(IV) Complexes ofBipyridine
These complexes show 50 to 85 percent negative fertility at 15 mg dose levels/ per day (Table 19 ).
Unsymmetrical Macrocyclic Organotin Complexes
Organotin Complexes with Bis(3-oxo-2-butylidene)propane-l,3-diamine (L)
The results show that the ligand alone is able to inhibit fertility but, due to the added synergistic effects of the tin complexes, its activity becomes enhanced. The results are grouped under the following headings:
• Body and Organ Weights: Body weights of rats were not affected after the tin complexes were administrated. However, the weights of testes, epididymis, seminal vesicle and ventral prostate were significantly decreased .
• Fertility Test : The sluggish motile spermatozoa were unable to fertilize normal cyclic females.
The test was 65 to 95% negative in rats treated with the compounds.
• Sperm Motility: The sperm motility declined significantly after treatment with the compounds.
• Sperm Density : The sperm density in testes and cauda epididymis declined significantly after treatment (Table 20) .
• Biochemical Changes: Total protein and sialic acid contents of testes, epididymis, ventral prostate and seminal vesicle were depleted significantly after treatment with the ligand and its complexes.
The acid phosphatase levels of testes, epididymis and ventral prostate were also reduced significantly. A significant decrease in seminal vascular fructose contents was also noticed, whereas the testicular cholesterol contents were increased significantly after the treatment with various compounds (Tables 21 and 22 ).
Table 19
Effects of organotin(IV) complexes on reproductive parameters on male rats. Table 21 Sperm dynamics and fertility test after treatment with the ligand and its complexes. 
Group
Table 22
Effects of the ligand and its complexes on biochemical parameters (Total protein and sialic acid) of reproductive organs of male rats. Subsequent examination of a series of tri-n-alkyltin acetates, on the other hand, showed a considerable influence on the length of the alkyl groups (Table 23 ). The data given in this table differ somewhat from those given in the original publication. They were obtained in later, careful testing using a prolonged incubation time and a richer culture medium. The most active compounds in the series of tri-n-alkyltin acetates were tripropyl-and tributyltin aceate. They inhibited the growth of the test fungi at concentrations of 1 mg/1 or lower. 191 Experiments with unsymmetrical trialkyltin acetates, i.e., compounds in which the tin atom bore mutually different alkyl groups, revealed that not the nature of the individual groups, but the total number of carbon atoms in the three groups was decisive. Dimethyloctyltin acetate, for example, had the same high activity as tripropyltin aceate, whereas both trimethyl tin acetate and trioctyltin acetate had a low activity. For a high antifungal activity, the total number of carbon atoms in the alkyl groups of a trialkyltin compound should be about 9-12. 192 In addition to the tri-n-alkyltin acetates, numerous other triorganotin acetates were tested for antifungal activity. Triisoalkyltin acetates had an activity which was comparable to that of the normal isomers. 193 Tricyclopentyl-and tricyclohexyltin acetate, however, were more active than the n-alkyl derivatives. 194 Triphenyltin acetate had about the same activity as triethyltin acetate. Tri-m-tolyl-and tri-p-tolytin acetate differed little from triphenyltin acetate, but tribenzyl-and tris (2-phenylethyl) tin acetate were somewhat less active. Tri-a-naphthyltin acetate, probably because of its low solubility, did not show any antifungal activity. 194 When, through the addition reactions of organotin hydrides to olefins, functionally substituted organotin compounds became available, a number of them, both of the type R,Sn and R 3 EnX, were tested for antifungal activity. It turned out, however, that in no case did a functionally substituted compound have a higher activity than a comparable unsubstituted compound. On the contrary, in most cases the introduction of a functional group severely reduced antifungal activity, especially, hydrophilic groups had an adverse effect. 195 No active compounds were ever found among the types R)Sn, R 2 SnX 2 , and RSnX 3 in spite of careful screening. The sole exception is diphenyltin dichloride, which inhibits the growth of the fungi mentioned in Table 23 at concentrations of 10-20 mg/1. 103 In a few cases in which a compound of the type R(Sn showed some activity, either a compound of the R 2 SnX was present as an impurity or an easy cleavage of one of the R groups probably occurred. An example of the latter is tributyl (cyanomethyl) tin which easily loses the cyanomethyl group under hydrolytic circumstances. 196, 197 11 12 . Results at variance with the rules formulated above were only obtained when compounds with highly fungitoxic acid radicals were tested. 201, 202 The action of the organotin compounds at the low concentrations employed in the tests is fungistatic rather than fungicidal. The mode of action of the organotin compounds is still not understood, although it has been suggested 193,l97 that inhibition of oxidative phosphorylation in the case of the trialkyltin compounds may be the cause of the observed inhibition of fungal growth. The differences in activity among the several trialkyltin compounds might then be attributed both to differences in intrinsic activity on the enzyme system and to differences in permeability into the cells. Permeability in its turn may be dependent on the partition coefficient of the organotin compounds between water and lipids.
Antibacterial tests with organotin compounds have been carried out by Kaars Sijpesteijn. Trialkyltin compounds have also been tested against pathogenic bacteria, notably staphylococcus aureus (gram-positive) and some Pseudomonas species (gram-negative). The results 205, 206 confirm the trends signalized above.
As to the mode of action of the organotin compounds against bacteria, the same remarks can be made as in the case of their action against fungi. It is supposed 103110 that the triorganotin compounds act by their inhibition on enzymes containing thiol groups. Evidence for the latter has recently been presented.
The fungicidal activity of the ligand hydrazine carbothioamide and its tin complexes have been reported 81 
FUTURE PROSPECTS
The importance of ligands in modifying the biological effects of metal based drugs cannot be overestimated. Ligands can modify the oral systemic bio-availability of metal ions, can assist the targeting specific tissues or enzymes and can deliver, protect or sequester a particular metal ion, depending on the requirements, for the therapy and diagnosis. To summarize, we can state that several organotin compounds exhibit rather promising in vivo and in vitro nematicidal, insecticidal and antifertility activity. However more work has to be done on the synthesis and testing of organotin molecules that might become useful nematicidal, insecticidal and antifertility agents in the future.
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